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(57) An exposure method for exposing a predeter-
mined area on a substrate includes an operation for ex-
ecuting first exposure for the predetermined area by
forming a liquid immersion area (LR1) of a first liquid
(LQ1) on the substrate; an operation for executing sec-
ond exposure for the predetermined area by forming a
liquid immersion area (LR2) of a second liquid (LQ2) dif-
ferent from the first liquid, on the substrate on which the

first exposure has been executed, and making the sur-
face state (Tc2) of the substrate in the second exposure
differ from the surface state (Tc1) of the substrate in the
first exposure. Even when the substrate is subjected to
the first exposure and the second exposure by using the
liquid immersion method, then the liquid immersion area
of the liquid can be satisfactorily formed on the substrate
in each of the exposure processes, and the substrate
can be exposed satisfactorily.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an exposure
method for exposing a substrate, a device manufacturing
method using the same, an exposure apparatus, and a
method and an apparatus for processing a substrate.

BACKGROUND ART

[0002] In relation to the technique to be used in the
photolithography step, a technique is known, in which a
substrate is subjected to the multiple exposure by using
the liquid immersion method as disclosed, for example,
in the following Patent Document 1. This patent docu-
ment discloses the execution of the multiple exposure by
substantially changing the exposure wavelength by uti-
lizing the difference in the refractive index between the
optical path media such that a predetermined area of the
substrate is subjected to the exposure not through any
liquid, and then the exposure is performed through a liq-
uid.

[Patent Document 1] Pamphlet of International Pub-
lication No. 2005/081295

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention:

[0003] This patent document discloses the fact that dif-
ferent liquids may be used in the respective exposure
processes when the substrate is subjected to the multiple
exposure by using the liquid immersion method. When
the different liquids are used in the respective exposure
processes in the multiple exposure, there is such a pos-
sibility that the liquid may remain on the surface of the
substrate and/or the exposure failure may arise, depend-
ing on the surface state of the substrate.
[0004] The present invention has been made taking
the foregoing circumstances into consideration, an object
of which is to provide an exposure method, a device man-
ufacturing method using the same, an exposure appara-
tus, and a method and an apparatus for processing a
substrate, in which the substrate can be exposed satis-
factorily to form a desired pattern even when the sub-
strate is subjected to the exposure (for example, the mul-
tiple exposure) by using the liquid immersion method.

Solution to the Problem:

[0005] In order to achieve the object as described
above, the present invention adopts the following con-
structions corresponding to respective drawings as illus-
trated in embodiments. However, parenthesized sym-
bols affixed to respective elements merely exemplify the
elements by way of example, with which it is not intended

to limit the respective elements.
[0006] According to a first aspect of the present inven-
tion, there is provided an exposure method for exposing
a predetermined area on a substrate (P); the exposure
method comprising executing first exposure for the pre-
determined area by forming a liquid immersion area
(LR1) of a first liquid (LQ1) on the substrate (P); executing
second exposure for the predetermined area by forming
a liquid immersion area (LR2) of a second liquid (LQ2)
different from the first liquid (LQ1), on the substrate (P)
on which the first exposure has been executed; and mak-
ing a surface state of the substrate (P) in the second
exposure different from a surface state of the substrate
in the first exposure.
[0007] According to the first aspect of the present in-
vention, even when the first exposure and the second
exposure are performed for the substrate by using the
liquid immersion method, the substrate can be exposed
satisfactorily in each of the exposure processes. The sub-
strate may be subjected to multiple exposure which in-
cludes the first exposure and the second exposure.
[0008] According to a second aspect of the present
invention, there is provided an exposure method for ex-
posing a predetermined area of a substrate (P); the ex-
posure method comprising selecting a first liquid (LQ1)
which is to be supplied onto the substrate in first exposure
and a first film (Tc1) which is to be formed on the substrate
and which makes contact with the first liquid (LQ1) in the
first exposure; selecting a second liquid (LQ2) which is
to be supplied onto the substrate in second exposure and
which is different from the first liquid and a second film
(Tc2, Rg) which is to be formed on the substrate, which
is different from the first film (Tc1), and which makes con-
tact with the second liquid in the second exposure; form-
ing a liquid immersion area (LR1) of the first liquid on the
substrate to execute the first exposure for the predeter-
mined area; and forming the second liquid on the sub-
strate, for which the first exposure has been executed,
to execute the second exposure for the predetermined
area.
[0009] According to the exposure method concerning
the second aspect of the present invention, the selection
is optimally made for the liquids to be used for the first
exposure and the second exposure and the films which
make contact with the liquids. Therefore, the satisfactory
liquid immersion exposure is realized. The substrate may
be subjected to multiple exposure which includes the first
exposure and the second exposure.
[0010] According to a third aspect of the present in-
vention, there is provided a method for producing a de-
vice; comprising exposing (204) a substrate by the ex-
posure method as defined in the first or second aspect;
developing (SD7, 204) the exposed substrate; and
processing (205) the developed substrate.
[0011] According to the third aspect of the present in-
vention, it is possible to produce the device by using the
exposure method in which the substrate can be exposed
satisfactorily.
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[0012] According to a fourth aspect of the present in-
vention, there is provided an exposure apparatus (EX)
which exposes a predetermined area on a substrate (P);
the exposure apparatus comprising a first station (EX1)
in which a first liquid (LQ1) corresponding to a first film
(Tc1) is supplied to the substrate (P), on which the first
film (Tc1) is formed, to execute first exposure for the pre-
determined area; and a second station (EX2) in which a
second liquid (LQ2) corresponding to a second film (Tc2,
Rg) is supplied to the substrate (P) for which the first
substrate has been executed and on which the second
film (Tc2, Rg) is formed, so as to execute second expo-
sure for the predetermined area, the second film (Tc2,
Rg) being different from the first film (Tc1), and the sec-
ond liquid (LQ2) being different from the first liquid (LQ1).
[0013] In the exposure apparatus according to the
fourth aspect of the present invention, when the first ex-
posure and the second exposure are performed for the
substrate by using the liquid immersion method, the liq-
uids, which correspond to the different films of the sub-
strate, are provided for the first and second stations in
the respective exposure processes. Therefore, it is pos-
sible to expose the substrate satisfactorily. The substrate
may be subjected to multiple exposure which includes
the first exposure and the second exposure.
[0014] According to a fifth aspect of the present inven-
tion, there is provided a substrate processing apparatus
(CD) which forms a film on a base material of a substrate
on which first exposure and second exposure are to be
performed; the substrate processing apparatus compris-
ing a film-forming unit (C) which forms, on the base ma-
terial, a first film (Tc1), which is to make contact with a
first liquid (LQ1), before performing the first exposure
through the first liquid (LQ1) and which forms, on the
base material, a second film (Tc2, Rg), which is to make
contact with a second liquid (LQ2), before performing the
second exposure through the second liquid (LQ2), the
second liquid (LQ2) being different from the first liquid
and the second film (Tc2, Rg) being different from the
first film (Tc1).
[0015] When the substrate processing apparatus ac-
cording to the fifth aspect of the present invention is used,
the different films, which make contact with the liquids to
be used for the first exposure and the second exposure
respectively, are formed on the base material. Therefore,
the satisfactory liquid immersion exposure is realized.
The substrate may be subjected to multiple exposure
which includes the first exposure and the second expo-
sure.
[0016] According to a sixth aspect of the present in-
vention, there is provided a substrate processing method
for forming a film on a base material of a substrate (P)
on which first exposure and second exposure are to be
performed; the substrate processing method comprising
forming on the base material a first film (Tc1), which is
to make contact with a first liquid (LQ1), before perform-
ing the first exposure through the first liquid (LQ1); and
forming on the base material a second film (Tc2, Rg),

which is to make contact with a second liquid (LQ2), be-
fore performing the second exposure through the second
liquid (LQ2), the second liquid (LQ2) being different from
the first liquid and the second film (Tc2, Rg) being differ-
ent from the first film.
[0017] When the substrate processing method accord-
ing to the sixth aspect of the present invention is used,
the different films, which make contact with the liquids to
be used for the first exposure and the second exposure
respectively, are formed on the base material. Therefore,
the satisfactory liquid immersion exposure is realized.
The substrate may be subjected to multiple exposure
which includes the first exposure and the second expo-
sure.

EFFECT OF THE INVENTION

[0018] According to the present invention, even when
the substrate is subjected to the exposure (for example,
the multiple exposure) by using the liquid immersion
method, the substrate can be exposed satisfactorily.
Therefore, it is possible to produce the device having
desired performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 shows a schematic arrangement illustrating a
device-producing system provided with an exposure
apparatus according to a first embodiment.
Fig. 2 shows a flow chart illustrating a processing
procedure according to the first embodiment.
Figs. 3(A) to 3(F) schematically illustrate the
processing procedure according to the first embod-
iment.
Fig. 4 shows a flow chart illustrating a processing
procedure according to a second embodiment.
Figs. 5(A) to 5(F) schematically illustrate the
processing procedure according to the second em-
bodiment.
Fig. 6 shows a schematic arrangement illustrating a
device-producing system provided with an exposure
apparatus according to a third embodiment.
Fig. 7 shows a flow chart illustrating a processing
procedure according to the third embodiment.
Figs. 8(A) to 8(F) schematically illustrate the
processing procedure according to the third embod-
iment.
Fig. 9 shows a flow chart illustrating a processing
procedure according to a fourth embodiment.
Figs. 10(A) to 10(E) schematically illustrate the
processing procedure according to the fourth em-
bodiment.
Fig. 11 shows a schematic arrangement illustrating
an exemplary exposure apparatus.
Fig. 12 shows a schematic arrangement illustrating
an exemplary exposure apparatus.
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Fig. 13 shows a flow chart illustrating exemplary
steps of producing a microdevice.

Legends of Reference Numerals:

[0020] 1: liquid immersion system, 7: control unit, EX:
exposure apparatus, EX1: first station, EX2: second sta-
tion, LQ1: first liquid, LQ2: second liquid, LR1, LR2: liquid
immersion area, P: substrate, Rg: film of the photosen-
sitive material, SYS: device-producing system, Tc1: first
top coat film, Tc2: second top coat film, W: base material

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] Embodiments of the present invention will be
explained below with reference to the drawings. Howev-
er, the present invention is not limited thereto. In the fol-
lowing description, the XYZ rectangular coordinates sys-
tem is defined. The positional relationship concerning re-
spective members will be explained with reference to the
XYZ rectangular coordinates system. The X axis direc-
tion is a predetermined direction in a horizontal plane.
The Y axis direction is a direction which is perpendicular
to the X axis direction in the horizontal plane. The Z axis
direction is a direction which is perpendicular to the X
axis direction and the Y axis direction respectively (i.e.,
the vertical direction). The directions of rotation (inclina-
tion) about the X axis, the Y axis, and the Z axis are
designated as the θX, θY, and θZ directions respectively.

First Embodiment

[0022] A first embodiment will be explained. Fig. 1
shows an embodiment of a device-producing system
SYS provided with an exposure apparatus EX according
to the first embodiment. With reference to Fig. 1, the de-
vice-producing system SYS includes the exposure ap-
paratus EX for exposing a substrate P, a coater/devel-
oper apparatus CD, and a transport system H for trans-
porting the substrate P.
[0023] The exposure apparatus EX of this embodiment
performs the multiple exposure for the substrate P. The
exposure apparatus EX includes a first station EX1 which
exposes the substrate P, a second station EX2 which
exposes the substrate P having been exposed in the first
station EX1, and a control unit 7 which controls the op-
eration of the entire exposure apparatus EX. In this em-
bodiment, the control unit 7 also controls the operation
of the coater/developer apparatus CD. However, it is also
allowable to provide a control unit for the coater/devel-
oper apparatus CD separately from the control unit 7. In
this case, it is also allowable to provide a superordinate
control unit (for example, a host computer) for integrally
controlling the entire device-producing system SYS (or
at least the exposure apparatus EX and the coater/de-
veloper apparatus CD).
[0024] The first station EX1 includes a first mask stage
MT1 which is movable while holding a first mask M1, a

first illumination system IL1 which illuminates, with an
exposure light beam EL, the first mask M1 held by the
first mask stage MT1, and a first projection optical system
PL1 which projects, onto the substrate P, an image of a
pattern of the first mask M1 illuminated with the exposure
light beam EL. The second station EX2 includes a second
mask stage MT2 which is movable while holding a second
mask M2, a second illumination system IL2 which illumi-
nates, with an exposure light beam EL, the second mask
M2 held by the second mask stage MT2, and a second
projection optical system PL2 which projects, onto the
substrate P, an image of a pattern of the second mask
M2 illuminated with the exposure light beam EL.
[0025] The substrate referred to herein includes those
obtained by coating a base material such as a semicon-
ductor wafer with a photosensitive material (photoresist)
as well as various films such as a protective film called
"top coat film" for covering the photosensitive material.
The mask includes a reticle formed with a device pattern
to be subjected to the reduction projection onto the sub-
strate. In this embodiment, a transmissive type mask is
used as the mask. However, it is also allowable to use a
reflective type mask.
[0026] The first and second stations EX1, EX2 are re-
spectively provided with first and second chamber appa-
ratuses CH1, CH2 each of which accommodates, for ex-
ample, all or a part of the illumination system (for exam-
ple, an illumination optical system other than an ArF ex-
cimer laser (light source)), the mask stage, the projection
optical system, the substrate stage, and the like. The first
station EX1 and the second station EX2 are provided
separately from each other. In this embodiment, the coat-
er/developer apparatus CD is arranged between the first
station EX1 and the second station EX2. The first station
EX1 is connected to the coater/developer apparatus CD
via a first interface IF1. The second station EX2 is con-
nected to the coater/developer apparatus CD via a sec-
ond interface IF2.
[0027] The coater/developer apparatus CD includes a
coating unit C which forms a predetermined film on the
base material by coating the base material of the sub-
strate P with a predetermined material before the sub-
strate P is subjected to the exposure, and a developer
unit D which develops the substrate P after the substrate
P has been subjected to the exposure, by using a devel-
oping solution. The coater/developer apparatus CD also
includes a removing unit J which removes the predeter-
mined film formed on the base material of the substrate
P. The coater/developer apparatus CD also includes a
bake unit (not shown) which heat-treats the substrate P.
[0028] The transport system H includes a first transport
system H1 which transports the substrate P between the
first interface IF1 and the first station EX1, and a second
transport system H2 which transports the substrate P
between the second interface IF2 and the second station
EX2. The first transport system H1 has the following func-
tion. That is, the substrate P before being subjected to
the exposure by the first station EX1 is loaded onto the
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first substrate stage PT1 of the first station EX1. Further,
the substrate P after being subjected to the exposure by
the first station EX1 is unloaded from the first substrate
stage PT1. The second transport system H2 has the fol-
lowing function. That is, the substrate P before being sub-
jected to the exposure by the second station EX2 after
being subjected to the exposure by the first station EX1
is loaded onto the second substrate stage PT2 of the
second station EX2. Further, the substrate P after being
subjected to the exposure is unloaded from the second
substrate stage PT2. Although not shown, the transport
system H also includes a third transport system which
transports the substrate P between the first interface IF1
and the coater/developer apparatus CD, and a fourth
transport system which transports the substrate P be-
tween the second interface IF2 and the coater/developer
apparatus CD. That is, the transport system H is capable
of transporting the substrate P among the first station
EX1, the coater/developer apparatus CD, and the second
station EX2.
[0029] In this embodiment, the first station EX1 and
the second station EX2 execute the liquid immersion ex-
posure for radiating the exposure light beam EL onto the
substrate P through the liquid respectively. In the first
station EX1, the liquid immersion area LR1 of the first
liquid LQ1 is formed on the substrate P, and the first
exposure is executed for the predetermined area on the
substrate P. In the second station EX2, the substrate P,
for which the first exposure has been executed in the first
station EX1, is received without performing the develop-
ment. Further, the second liquid LQ2, which is different
from the first liquid LQ1, is used to form the liquid immer-
sion area LR2 thereof on the substrate P, and the second
exposure is executed for the predetermined area on the
substrate P.
[0030] The first projection optical system PL1 has a
plurality of optical elements. The space between the sub-
strate P and a last (end) optical element closest to the
image plane of the first projection optical system PL1,
among the plurality of optical elements of the first projec-
tion optical system PL1, is filled with the first liquid LQ1.
The first liquid LQ1 is used to form the liquid immersion
area LR1 of the first liquid LQ1 on the substrate P so as
to fill the optical path for the exposure light beam EL be-
tween the surface of the substrate P and the last optical
element of the first projection optical system PL1. In this
embodiment, the liquid LQ, with which the optical path
for the exposure light beam EL is filled between the sub-
strate P and the last optical element of the first projection
optical system PL1, locally forms the liquid immersion
area LR1 in a part of the area on the substrate P including
the projection area of the first projection optical system
PL1, the liquid immersion area LR1 being larger than the
projection area and smaller than the substrate P.
[0031] Similarly, the second projection optical system
PL2 has a plurality of optical elements. The second liquid
LQ2 is used to locally form the liquid immersion area LR2
of the second liquid LQ2 on the substrate P so as to fill

the optical path for the exposure light beam EL between
the substrate P and a last (end) optical element closest
to the image plane of the second projection optical sys-
tem PL2, among the plurality of optical elements of the
second projection optical system PL2.
[0032] The respective first and second illumination
systems IL1, IL2 illuminate, with the exposure light beam
EL having an uniform illuminance distribution, predeter-
mined illumination areas on the first and second masks
M1, M2 held by the first and second mask stages MT1,
MT2 respectively. Those usable as the exposure light
beam EL to be radiated from each of the first and second
illumination systems IL1, IL2 include, for example, emis-
sion lines (g-ray, h-ray, i-ray) radiated, for example, from
a mercury lamp, far ultraviolet light beams (DUV light
beams) such as the KrF excimer laser beam (wave-
length: 248 nm), and vacuum ultraviolet light beams
(VUV light beams) such as the ArF excimer laser beam
(wavelength: 193 nm) and the F2 laser beam (wave-
length: 157 nm). In this embodiment, the ArF excimer
laser beam is used.
[0033] Each of the first and second mask stages MT1,
MT2 is movable in at least the X axis direction, the Y axis
direction, and the θZ direction in a state in which the mask
M is held, in accordance with the driving operation of a
mask stage-driving unit including an actuator such as a
linear motor. The position information (including the ro-
tation information) of each of the first and second mask
stages MT1, MT2 (as well as each of the masks M1, M2)
is measured by an unillustrated laser interferometer sys-
tem. The laser interferometer system measures the po-
sition information about each of the first and second mask
stages MT1, MT2 by using a movement mirror (a reflect-
ing mirror or a reflecting surface formed on a side surface
thereof) fixedly secured on each of the first and second
mask stages MT1, MT2. The control unit 7 drives the
mask stage-driving unit on the basis of the result of the
measurement performed by the laser interferometer sys-
tem to perform the positional control of the masks M1,
M2 held by the first and second mask stages MT1, MT2
respectively.
[0034] Each of the first and second projection optical
systems PL1, PL2 projects the image of the pattern of
the mask M onto the substrate P at a predetermined pro-
jection magnification. In this embodiment, each of the
first and second projection optical systems PL1, PL2 is
the reduction system having the projection magnification
which is, for example, 1/4, 1/5, or 1/8. Each of the first
and second projection optical systems PL1, PL2 may be
based on any one of the 1x magnification system and
the magnifying system. Each of the first and second pro-
jection optical systems PL1, PL2 may be based on any
one of the dioptric system including no catoptric optical
element, the catoptric system including no dioptric optical
element, and the catadioptric system including dioptric
and catoptric optical elements. Each of the first and sec-
ond projection optical systems PL1, PL2 may form any
one of an inverted image and an erecting image. Of
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course, it is also allowable that the optical characteristic
(optical performance) differs between the first projection
optical system PL1 and the second projection optical sys-
tem PL2.
[0035] Each of the first and second substrate stages
PT1, PT2 has a substrate holder (not shown) for holding
or retaining the substrate P. Each of the first and second
substrate stages PT1, PT2 is movable in the directions
of six degrees of freedom of the X axis, Y axis, Z axis,
θX, θY, and θZ directions in a state in which the substrate
P is held by the substrate holder, on the base member
BP1, BP2 in accordance with the driving operation of a
substrate stage-driving unit including an actuator such
as a linear motor. The position information (including the
rotation information) of each of the first and second sub-
strate stages PT1, PT2 (as well as the substrate P) is
measured by an unillustrated laser interferometer sys-
tem. The laser interferometer system measures the po-
sition information about each of the first and second sub-
strate stages PT1, PT2 in relation to the X axis direction,
the Y axis direction, and the θZ direction by using a move-
ment mirror (or a reflecting surface formed on a side sur-
face thereof) provided on each of the first and second
substrate stages PT1, PT2. The surface position infor-
mation (position information in relation to the Z axis di-
rection, the θX direction, and the θY direction) of the sur-
face of the substrate P held by each of the first and second
substrate stages PT1, PT2 is detected by an unillustrated
focus/leveling-detecting system. The control unit 7 drives
the substrate stage-driving unit on the basis of the result
of the measurement performed by the laser interferom-
eter system and the result of the detection performed by
the focus/leveling-detecting system to control the posi-
tion of the substrate P held by each of the first and second
substrate stages PT1, PT2. The substrate holder for hold-
ing the substrate P is arranged in a recess provided on
each of the first and second substrate stages PT1, PT2.
The upper surface of each of the first and second sub-
strate stages PT1, PT2 except for the recess is the flat
surface so that the upper surface has an approximately
same height as that of (is flush with) the surface of the
substrate P held by the substrate holder. It is also allow-
able to provide any difference in height between the sur-
face of the substrate P held by the substrate holder and
the upper surface of each of the first and second sub-
strate stages PT1, PT2. It is also allowable that the laser
interferometer system is capable of measuring the posi-
tion information in relation to the Z axis direction, the θX
direction, and the θY direction of the substrate stage PT1,
PT2 as well. Details thereof are disclosed, for example,
in Published Japanese Translation of PCT International
Publication for Patent Application No. 2001-510577 (cor-
responding to International Publication No. 1999/28790).
[0036] Next, an explanation will be made with refer-
ence to a flow chart shown in Fig. 2 and a schematic
illustration shown in Fig. 3 about the operation for
processing the substrate P by using the device-producing
system SYS including the exposure apparatus EX con-

structed as described above.
[0037] In this embodiment, the exposure apparatus EX
performs the multiple exposure for the predetermined ar-
ea (for example, each of a plurality of shot areas) on the
substrate P by using the first and second stations EX1,
EX2. In this embodiment, the first exposure is executed
for the predetermined area on the substrate P by forming
the liquid immersion area LR1 of the first liquid LQ1 on
the substrate P in the first station EX1. The substrate P
is moved to the second station EX2 without performing
the development process step. In the second station
EX2, the second liquid LQ2, which is different from the
first liquid LQ1, is used to form the liquid immersion area
LR2 of the second liquid LQ2, on the substrate P on which
the first exposure has been executed, so that the second
exposure is performed for the predetermined area on the
substrate P. The first exposure and the second exposure
are executed while allowing the surface state of the sub-
strate P to differ between the first station ST1 and the
second station ST2.
[0038] The substrate P includes a base material and
a predetermined film formed on the base material. The
base material includes, for example, a semiconductor
wafer such as a silicon wafer. The film to be formed on
the base material is exemplified, for example, by a film
of a photosensitive material (photoresist) and a protective
film called "top coat film" which covers the film of the
photosensitive material. The surface of the substrate P
includes the surface of the film formed on the base ma-
terial of the substrate P. In this embodiment, the film for
forming the surface of the substrate P differs between
the first exposure performed in the first station EX1 and
the second exposure performed in the second station
EX2.
[0039] The top coat film has the function to protect the
photosensitive material and the base material from the
liquid. The top coat film has a predetermined contact an-
gle (including a backward contact angle) of, for example,
not less than 90° with respect to the liquid. When the top
coat film is liquid-repellent with respect to the liquid, it is
possible to enhance the recovery performance for recov-
ering the liquid from the substrate P.
[0040] The film for forming the surface of the substrate
P, i.e., the film (film of the photosensitive material or the
top coat film) of the uppermost layer (outermost layer)
makes contact with the liquid of the liquid immersion area
formed on the substrate P. It is desirable that the type
(physical property) of the film which makes contact with
the liquid is optimized depending on the liquid to be used
in order that the liquid immersion area of the liquid is
satisfactorily formed on the substrate P, the outflow of
the liquid is suppressed when the substrate P is moved
in a state in which the space between the projection op-
tical system and the substrate is filled with the liquid, the
remaining of the liquid on the substrate P is suppressed,
and/or the photosensitive material and the base material
are satisfactorily protected from the liquid. In another
viewpoint, the type of the film usable for the way of use
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as described above is restricted. Therefore, it is neces-
sary to select the liquid which is preferable for the select-
ed film material. Strictly, the exposure light beam is trans-
mitted through the film. Therefore, the refractive index
and the transmittance of the film affect the resolution and
the exposure intensity. Therefore, it is necessary to ex-
amine the film to be formed on the substrate and the
liquid to be supplied onto the substrate, and it is neces-
sary to optimize the correlating relationship between
them. In the multiple exposure, for example, the illumi-
nation condition is changed for the respective exposure
processes in some cases. However, in the multiple ex-
posure based on the use of the liquid immersion expo-
sure, the wavelength of the exposure light beam can be
substantially changed by changing the type of the liquid
(and the film) in at least two times of the exposure proc-
esses. When the type (physical property) of the liquid to
be used is different between the first exposure and the
second exposure, it is desirable to optimize the film for
forming the surface of the substrate P depending on the
liquid to be used in the first exposure and the second
exposure. Accordingly, in this embodiment, the film for
forming the surface of the substrate P (film which makes
contact with the liquid) is allowed to differ between the
first exposure in which the first liquid LQ1 is used and
the second exposure in which the second liquid LQ2 is
used. In another viewpoint, the combination of the liquid
to be used and the film for forming the surface of the
substrate P (film which makes contact with the liquid) is
allowed to differ (optimized respectively) between the first
exposure and the second exposure.
[0041] At first, as shown in Fig. 3(A), a film of the pho-
tosensitive material (hereinafter referred to as "photo-
sensitive material film") Rg is formed on a base material
W of the substrate P by the coating unit C of the coater/
developer apparatus CD (Step SA1). The coating unit C
forms the photosensitive material film Rg on the base
material W by a predetermined coating method including,
for example, the spin coat method and the scan coat
method.
[0042] Subsequently, as shown in Fig. 3(B), a first top
coat film Tc1 is formed on the photosensitive material
film Rg on the base material W by the coating unit C of
the coater/developer apparatus CD (Step SA2). The
coating unit C forms the first top coat film Tc1 on the
photosensitive material film Rg by a predetermined coat-
ing method including, for example, the spin coat method
and the scan coat method.
[0043] The first top coat film Tc1 is determined depend-
ing on the first liquid LQ1 or together with the first liquid
LQ1. The first top coat film Tc1 is a film which is suitable
for the first liquid LQ1 to be used in the first station EX1.
[0044] Subsequently, the substrate P, on which the
first top coat film Tc1 has been formed, is transported to
the first station EX1 by the control unit 7 by the aid of the
transport system H. The first transport system H1 of the
transport system H loads the substrate P on the first sub-
strate stage PT1. As shown in Fig. 3(C), the control unit

7 forms the liquid immersion area LR1 of the first liquid
LQ1 on the first top coat film Tc1 of the substrate P to
execute the first exposure for the predetermined area on
the substrate P (Step SA3). The first top coat film Tc1,
which is used in the first exposure, is the film adapted to
the first liquid LQ1. The first station EX1 executes the
first exposure by using the first top coat film Tc1.
[0045] After the first exposure is completed for the sub-
strate P in the first station EX1, the substrate P, for which
the first exposure has been completed, is transported by
the transport system H to the coater/developer apparatus
CD. As shown in Fig. 3(D), the first top coat film Tc1 is
removed by the removing unit J from the substrate P
which has been transported to the coater/developer ap-
paratus CD. That is, the removing unit J removes (exfo-
liates or strips) the first top coat film Tc1 disposed on the
photosensitive material film Rg on the base material W
before the second exposure is performed after the com-
pletion of the first exposure. The first top coat film Tc1,
which has been used in the first exposure, is chemically
removed by the removing unit J by using, for example, a
removing liquid (solvent or stripper) adapted to the first
top coat film Tc1.
[0046] After the removal of the first top coat film Tc1,
as shown in Fig. 3(E), a second top coat film Tc2 is formed
on the photosensitive material film Rg on the base ma-
terial W by the coating unit C of the coater/developer
apparatus CD (Step SA5). The coating unit C forms the
second top coat film Tc2 on the photosensitive material
film Rg by a predetermined coating method including, for
example, the spin coat method and the scan coat method.
[0047] The second top coat film Tc2 is determined de-
pending on the second liquid LQ2 or together with the
second liquid LQ2. In view of the purpose of the multiple
exposure, the second top coat film Tc2 and the second
liquid LQ2 are also determined in relation to the first top
coat film Tc1 and the first liquid LQ1. The second top
coat film Tc2 is a film which is suitable for the second
liquid LQ2 to be used in the second station EX2.
[0048] Subsequently, the substrate P, on which the
second top coat film Tc2 has been formed, is transported
to the second station EX2 by the control unit 7 by the aid
of the transport system H. The second transport system
H2 of the transport system H loads the substrate P on
the second substrate stage PT2. As shown in Fig. 3(F),
the control unit 7 forms the liquid immersion area LR2 of
the second liquid LQ2 on the second top coat film Tc2 of
the substrate P to execute the second exposure for the
predetermined area on the substrate P (Step SA6). As
described above, the second exposure is executed in the
second station EX2 for the predetermined area on the
substrate P for which the first exposure has been exe-
cuted in the first station EX1. Accordingly, the predeter-
mined area on the substrate P is subjected to the multiple
exposure (double exposure in this embodiment). The
second top coat film Tc2, which is used in the second
exposure, is the film adapted to the second liquid LQ2.
The second station EX2 executes the second exposure
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by using the second top coat film Tc2 and the second
liquid LQ2.
[0049] After the completion of the second exposure for
the substrate P in the second station EX2, the substrate
P, for which the second exposure has been completed,
is transported by the transport system H to the coater/
developer apparatus CD. The substrate P, for which the
second exposure has been completed, is transported to
the developer unit D by the transport system H in order
that that the substrate P, for which the second exposure
has been completed, is developed by using the develop-
ing solution in the developer unit D.
[0050] Before the substrate P is developed, it is judged
whether or not the second top coat film Tc2 is soluble in
the developing solution, for example, on the basis of the
information previously stored, for example, in the control
unit 7 (Step SA7). If it is judged in Step SA7 that the
second top coat film Tc2 is soluble in the developing so-
lution, the bake unit (not shown) of the coater/developer
apparatus CD executes the heat treatment (post bake)
called "PEB (Post Exposure Bake)" for the substrate P
for which the second exposure has been completed (Step
SA8).
[0051] After the completion of PEB, the developer unit
D of the coater/developer apparatus CD develops the
substrate P by using the developing solution (Step SA9).
The second top coat film Tc2 is removed from the surface
of the substrate P by the developing solution, because
the second top coat film Tc2 is soluble in the developing
solution. Further, the photosensitive material film Rg is
removed in accordance with the area onto which the ex-
posure light beam EL has been radiated.
[0052] If it is judged in Step SA7 that the second top
coat film Tc2 is not soluble in the developing solution, it
is judged whether or not the second top coat film Tc2 is
endurable against PEB (Step SA10). The phrase "top
coat film is endurable against PEB" herein includes, for
example, a case in which the top coat film is not deteri-
orated by PEB (heat treatment) and the case in which
the top coat film never (scarcely) affects the photosensi-
tive material film Rg and the base material W (device
pattern) formed in the layer disposed thereunder as well.
[0053] If it is judged in Step SA10 that the second top
coat film Tc2 is endurable against PEB, PEB is executed
for the substrate P (Step SA11).
[0054] After the completion of PEB, the removing unit
J of the coater/developer apparatus CD removes (strips)
the second top coat film Tc2 by using the removing unit
J (Step SA12). The removing unit J chemically removes
the second top coat film Tc2 which is disposed on the
substrate P and which is not soluble in the developing
solution, by using, for example, a removing liquid (solvent
or stripper) adapted to the second top coat film Tc2 before
performing the development. The developer unit D of the
coater/developer apparatus CD develops the substrate
P by using the developing solution (Step SA9).
[0055] On the other hand, if it is judged in Step SA10
that the second top coat film Tc2 is not endurable against

PEB, the second top coat film Tc2 is removed by the
removing unit J (Step SA13). After the second top coat
film Tc2 is removed, the bake unit of the coater/developer
apparatus CD performs PEB for the substrate P (Step
SA14). After PEB is performed, the developer unit D of
the coater/developer apparatus CD develops the sub-
strate P by using the developing solution (Step SA9).
[0056] As explained above, even when the substrate
P is subjected to the multiple exposure by using the liquid
immersion method, the surface state of the substrate P
is allowed to differ depending on the first and second
liquids LQ1, LQ2 in the first exposure and the second
exposure respectively. Accordingly, the liquid immersion
areas LR1, LR2 of the first and second liquids LQ1, LQ2
can be satisfactorily formed on the substrate P, and the
substrate P can be exposed satisfactorily. Each of the
first top coat film Tc1 and the second top coat film Tc2
is the film which makes contact with the liquid of the liquid
immersion area. When the first and second top coat films
Tc1, Tc2 are determined depending on the first and sec-
ond liquids LQ1, LQ2 or together with the first and second
liquids LQ1, LQ2, then the liquid immersion area of the
liquid can be formed satisfactorily on the substrate P, the
outflow of the liquid can be suppressed when the sub-
strate P is moved in a state in which the space between
the projection optical system and the substrate is filled
with the liquid, the remaining of the liquid on the substrate
P can be suppressed by recovering the liquid from the
substrate P in a well-suited manner, the deterioration of
the top coat film by the liquid can be suppressed, and
the photosensitive material film and the base material
can be protected satisfactorily by suppressing the infil-
tration of the liquid into the photosensitive material film
and/or the base material.
[0057] That is, the substrate P can be exposed satis-
factorily by determining the first and second top coat films
Tc1, Tc2 while considering, for example, the affinity for
the first and second liquids LQ1, LQ2 (including the con-
tact angle), the durability against the first and second
liquids LQ1, LQ2, and the block property. It is not neces-
sarily indispensable that all of these factors are consid-
ered. The first and second top coat films Tc1, Tc2, the
first and second liquids LQ1, LQ2, and the combination
thereof may be determined by considering only a part of
these factors. That is, the present invention includes,
when the predetermined area of the substrate is exposed
by the multiple exposure including the first exposure and
the second exposure, previously selecting the first liquid
which is to be supplied onto the substrate in the first ex-
posure and the first film which is to be formed on the
substrate and which makes contact with the first liquid in
the first exposure; and previously selecting the second
liquid which is to be supplied onto the substrate in the
second exposure and which is different from the first liq-
uid and the second film which is to be formed on the
substrate, which is different from the first film, and which
makes contact with the second liquid in the second ex-
posure. The first exposure and the second exposure are
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performed by using the first and second liquids and the
first and second films selected as described above.
[0058] In this embodiment, the substrate P is subjected
to the multiple exposure by using the plurality of stations
(exposure apparatuses). Therefore, each of the stations
(exposure apparatuses) can perform the exposure under
the optimum exposure condition, and the substrate P can
be subjected to the multiple exposure efficiently.
[0059] In the first embodiment described above, after
the completion of the first exposure in the first station
EX1, the second top coat film Tc2 is formed on the pho-
tosensitive material film Rg after removing the first top
coat film Tc1 disposed on the photosensitive material film
Rg. However, between the first exposure and the second
exposure, the second top coat film Tc2 may be formed
on the first top coat film Tc1 having been used in the first
exposure. For example, when the substrate P is proc-
essed by using the device-producing system SYS shown
in Fig. 1, then the photosensitive material film Rg is firstly
formed on the base material W by the coating unit C, and
then the first top coat film Tc1 is formed on the photo-
sensitive material film Rg. The substrate P, on which the
first top coat film Tc1 is formed, is transported to the first
station EX1, and the liquid immersion area LR1 of the
first liquid LQ1 is formed on the first top coat film Tc1 to
execute the first exposure for the substrate P. Subse-
quently, the substrate P, for which the first exposure has
been completed, is transported to the coating unit C, and
the second top coat film Tc2 is formed on the first top
coat film Tc1 which has been used in the first exposure,
without removing the first top coat film Tc1. The substrate
P, on which the first and second top coat films Tc1, Tc2
are formed, is transported to the second station EX2, and
the liquid immersion area LR2 of the second liquid LQ2
is formed on the second top coat film Tc2 to execute the
second exposure for the substrate P. In this case, it is
possible to omit the step of removing the first top coat
film Tc1 between the first exposure and the second ex-
posure. Therefore, it is possible to shorten the processing
time required to perform the multiple exposure for the
predetermined area on the substrate P. The photosen-
sitive material film Rg can be protected by the first top
coat film Tc1 or by both of the first top coat film Tc1 and
the second top coat film Tc2 without exposing the pho-
tosensitive material film Rg during the first exposure and
the second exposure as well.
[0060] In the first embodiment described above, the
first top coat film Tc1 is used in the first exposure in the
first station EX1, and the second top coat film Tc2 is used
in the second exposure in the second station EX2. How-
ever, it is also allowable that any one of the top coat films
Tc1, Tc2 is not used, depending on the characteristic
(physical property) of the liquid (LQ1 or LQ2). That is, it
is rather desirable in some cases that the photosensitive
material film Rg forms the surface of the substrate P con-
sidering the affinity for the liquid (LQ1 or LQ2) and/or the
durability or resistance against the liquid. For example,
the first exposure in the first station EX1 can be executed

in a state in which the first liquid LQ1 and the photosen-
sitive material film Rg are allowed to make contact with
each other. In this case, it is possible to omit the step of
forming the first top coat film Tc1 before the execution of
the first exposure and the step of removing the first top
coat film Tc1 after the completion of the first exposure.
Further, it is possible to shorten the processing time re-
quired for the multiple exposure for the substrate P. In
another viewpoint, the second exposure in the second
station EX2 can be executed in a state in which the sec-
ond liquid LQ2 and the photosensitive material film Rg
are allowed to make contact with each other. In this case,
it is possible to omit the step of forming the second top
coat film Tc2 between the first exposure and the second
exposure and the step of removing the second top coat
film Tc2 after the completion of the second exposure
(when the second top coat film Tc2 is not soluble in the
developing solution).
[0061] In the first embodiment described above, it is
judged whether or not the second top coat film Tc2 is
soluble in the developing solution (Step SA7) and wheth-
er or not the second top coat film Tc2 is endurable against
PEB (Step SA10). However, for example, the next proc-
ess (any one of Steps SA8, SA11, and SA13 shown in
Fig. 2), which is to be executed continuously to the sec-
ond exposure (Step SA6), may be previously determined,
and the process may be stored, for example, in the control
unit of the coater/developer apparatus CD or any super-
ordinate unit thereof. The substrate P may be processed
without performing the judgment (SA7, SA10) by the
coater/developer apparatus CD.

Second Embodiment

[0062] Next, a second embodiment will be explained
with reference to a flow chart shown in Fig. 4 and a sche-
matic illustration shown in Fig. 5. The device-producing
system SYS explained with reference to Fig. 1 is also
used in the second embodiment. In the following descrip-
tion, the constitutive components or parts, which are the
same as or equivalent to those of the embodiment de-
scribed above, are designated by the same reference
numerals, any explanation of which will be simplified or
omitted.
[0063] At first, as shown in Fig. 5(A), a photosensitive
material film Rg is formed on a base material W of the
substrate P by the coating unit C of the coater/developer
apparatus CD (Step SB1).
[0064] Subsequently, as shown in Fig. 5(B), a second
top coat film Tc2 is formed on the photosensitive material
film Rg on the base material W by the coating unit C of
the coater/developer apparatus CD (Step SB2).
[0065] Subsequently, as shown in Fig. 5(C), the first
top coat film Tc1 is formed on the second top coat film
Tc2 on the photosensitive material film Rg on the base
material W by the coating unit C of the coater/developer
apparatus CD (Step SB3).
[0066] Subsequently, the substrate P, on which the
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first and second top coat films Tc1, Tc2 are formed, is
transported to the first station EX1 by the control unit 7
by the aid of the transport system H. As shown in Fig. 5
(D), the control unit 7 forms a liquid immersion area LR1
of the first liquid LQ1 on the first top coat film Tc1 of the
substrate P to execute the first exposure for a predeter-
mined area on the substrate P (Step SB4). The first top
coat film Tc1, which is used in the first exposure, is the
film adapted to the first liquid LQ1. The first station EX1
executes the first exposure by using the first top coat film
Tc1 The first station EX1 executes the first exposure by
using the first top coat film Tc1 formed on the second top
coat film Tc2 which covers the photosensitive material
film Rg.
[0067] After the first exposure is completed for the sub-
strate P in the first station EX1, the substrate P, for which
the first exposure has been completed, is transported by
the transport system H to the coater/developer apparatus
CD. As shown in Fig. 5(E), the first top coat film Tc1 is
removed by the removing unit J from the substrate P
which has been transported to the coater/developer ap-
paratus CD. That is, the removing unit J removes (strips),
before performing the second exposure, the first top coat
film Tc1 disposed on the photosensitive material film Rg
on the base material W after the completion of the first
exposure. In this case, the second top coat film Tc2 is
not removed. The second top coat film Tc2 is formed on
the photosensitive material film Rg on the base material
W.
[0068] After the first top coat film Tc1 is removed, the
substrate P, on which the second top coat film Tc2 is
formed on the photosensitive material film Rg, is trans-
ported to the second station EX2 by the control unit 7 by
the aid of the transport system H. As shown in Fig. 5(F),
the control unit 7 forms a liquid immersion area LR2 of
the second liquid LQ2 on the substrate P to execute the
second exposure for the predetermined area on the sub-
strate P (Step SB6). As described above, the second
exposure is executed in the second station EX2 for the
predetermined area on the substrate P for which the first
exposure has been executed in the first station EX1. Ac-
cordingly, the predetermined area on the substrate P is
subjected to the multiple exposure (double exposure in
this embodiment). The second top coat film Tc2, which
is used in the second exposure, is a film adapted to the
second liquid LQ2. The second station EX2 executes the
second exposure by using the second top coat film Tc2.
[0069] After the second exposure is completed for the
substrate P in the second station EX2, the substrate P,
for which the second exposure has been completed, is
transported by the transport system H to the coater/de-
veloper apparatus CD. The substrate P, for which the
second exposure has been completed, is transported to
the developer unit D by the transport system H in order
that the substrate P, for which the second exposure has
been completed, is developed by the developing solution
in the developer unit D.
[0070] The substrate P, for which the second exposure

has been completed, is transported to the developer unit
D. It is judged whether or not the second top coat film
Tc2 is soluble in the developing solution on the basis of,
for example, the information previously stored, for exam-
ple, in the control unit 7 (Step SB7). Since Steps SB7 to
SB14 shown in the flow chart of Fig. 4 are the same as
or equivalent to Steps SA7 to SA14 shown in the flow
chart of Fig. 2, any explanation of which is omitted. It is
also allowable that Steps SB7, SB10 are not performed
in the process flow of this embodiment, similarly to the
first embodiment described above.
[0071] In the second embodiment, the first and second
top coat films Tc1, Tc2, which are adapted to the first and
second liquids LQ1, LQ2, are used. Additionally, the pho-
tosensitive material film Rg is not exposed during the first
exposure and the second exposure as well. The surface
of the photosensitive material film Rg can be protected
by both of the first and second top coat films Tc1, Tc2 or
by the second top coat film Tc2.
[0072] In the first and second embodiments described
above, the coater/developer apparatus CD, which is
common to the first station EX1 and the second station
EX2, is used. However, the coater/developer apparatus
CD may be arranged for each of the first station EX1 and
the second station EX2. In this case, the operations,
which are performed by the common coater/developer
apparatus CD in the first and second embodiments de-
scribed above, may be appropriately divided and allotted.

Third Embodiment

[0073] Next, a third embodiment will be explained. Fig.
6 shows an embodiment of a device-producing system
SYS provided with an exposure apparatus EX according
to the third embodiment. With reference to Fig. 6, the
device-producing system SYS includes the exposure ap-
paratus EX for exposing a substrate P, a coating unit C
for forming a predetermined film on the substrate P, a
developer unit D for developing the substrate P, and a
transport system H for transporting the substrate P. In
the following description, the constitutive components or
parts, which are same as or equivalent to those of the
embodiment described above, are designated by the
same reference numerals, any explanation of which will
be simplified or omitted.
[0074] The exposure apparatus EX is the exposure ap-
paratus for performing the multiple exposure for the sub-
strate P. The exposure apparatus EX includes a first sta-
tion EX1 for exposing the substrate P; and a second sta-
tion EX2 for exposing the substrate P, having been ex-
posed in the first station EX1, without performing the de-
velopment process step.
[0075] The first station EX1 includes a first mask stage
MT1 which is movable while holding a first mask M1, a
first illumination system IL1 which illuminates, with an
exposure light beam EL, the first mask M1 held by the
first mask stage MT1, and a first projection optical system
PL1 which projects, onto the substrate P, an image of a
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pattern of the first mask M1 illuminated with the exposure
light beam EL. The second station EX2 includes a second
mask stage MT2 which is movable while holding a second
mask M2, a second illumination system IL2 which illumi-
nates, with an exposure light beam EL, the second mask
M2 held by the second mask stage MT2, and a second
projection optical system PL2 which projects, onto the
substrate P, an image of a pattern of the second mask
M2 illuminated with the exposure light beam EL.
[0076] The first station EX1 and the second station
EX2 are provided adjacently. The first substrate stage
PT1 and the second substrate stage PT2 are movable
independently from each other while holding the sub-
strate P in a predetermined area including a first area in
which the exposure light beam EL can be radiated onto
the substrate P in the first station EX1 and a second area
in which the exposure light beam EL can be radiated onto
the substrate P in the second station EX2. That is, the
first substrate stage PT1 is movable on a base member
BP while holding the substrate P between a position (first
exposure position) at which the first substrate stage PT1
is opposite to or facing a last (end) optical element of the
first projection optical system PL1 and a position (second
exposure position) at which the first substrate stage PT1
is opposite to a last (end) optical element of the second
projection optical system PL2. The second substrate
stage PT2 is movable on the base member BP while
holding the substrate P between the second exposure
position at which the second substrate stage PT2 is op-
posite to the last optical element of the second projection
optical system PL2 and the first exposure position at
which the second substrate stage PT2 is opposite to the
last optical element of the first projection optical system
PL1. Fig. 6 shows a state in which the first substrate stage
PT1 is arranged in the first area of the first station EX1,
and the second substrate stage PT2 is arranged in the
second area of the second station EX2.
[0077] At least parts of the illumination optical systems,
the mask stages, the projection optical systems, the sub-
strate stages, and other components of the first and sec-
ond stations EX1, EX2 are accommodated in a chamber
apparatus CH.
[0078] In this embodiment, the coating unit C and the
developer unit D are provided away from each other. The
coating unit C is arranged at a position near to the first
station EX1, and the developer unit D is arranged at a
position near to the second station EX2. The exposure
apparatus EX is connected to the coating unit C via a
first interface IF1, and the exposure apparatus EX is con-
nected to the developer unit D via a second interface IF2.
[0079] The developer unit D includes a removing unit
J which removes the predetermined film formed on the
base material of the substrate P. The developer unit D
also includes a bake unit (not shown) which performs the
heat treatment for the substrate P.
[0080] The transport system H includes a first transport
system H1 which transports the substrate P between the
first interface IF1 and the first station EX1, and a second

transport system H2 which transports the substrate P
between the second interface IF2 and the second station
EX2. The first transport system H1 has such a function
that the substrate P before being subjected to the expo-
sure is loaded onto the substrate stage to be arranged
in the first station EX1. The second transport system H2
has such a function that the substrate P after being sub-
jected to the exposure in the second station EX2 is un-
loaded from the substrate stage. Although not shown,
the transport system H also includes a third transport
system which transports the substrate P between the first
interface IF1 and the coating unit C, and a fourth transport
system which transports the substrate P between the
second interface IF2 and the developer unit D. That is,
the transport system H is capable of transporting the sub-
strate P among the coating unit C, the first and second
stations EX1, EX2, and the developer unit D.
[0081] The first station EX1 and the second station
EX2 execute the liquid immersion exposure for radiating
the exposure light beam EL onto the substrate P via the
liquid respectively. In the first station EX1, the liquid im-
mersion area LR1 of the first liquid LQ1 is formed on the
substrate P, and the first exposure is executed for the
predetermined area on the substrate P. In the second
station EX2, the second liquid LQ2, which is different
from the first liquid LQ1, is used to form the liquid immer-
sion area LR2 thereof on the substrate P for which the
first exposure has been executed in the first station EX1,
and the second exposure is executed for the predeter-
mined area on the substrate P.
[0082] In this embodiment, the substrate P, on which
the predetermined film has been formed by the coating
unit C, is loaded, for example, on the first substrate stage
PT1 of the first station EX1. The control unit 7 executes
the first exposure for the substrate P held by the first
substrate stage PT1 in the first station EX1. After that,
the first substrate stage PT1 is moved to the second sta-
tion EX2. The second exposure is executed for the sub-
strate P held by the first substrate stage PT1 in the second
station EX2. The substrate P, for which the second ex-
posure has been completed, is unloaded from the first
substrate stage PT1. After that, the substrate P is trans-
ported to the developer unit D in order to perform the
development. After the substrate P is unloaded, the first
substrate stage PT1 is moved to the first station EX1,
and the first substrate stage PT1 receives a new sub-
strate P (before being subjected to the exposure) from
the coating unit C. On the other hand, the second expo-
sure is executed for the substrate P disposed on the sec-
ond substrate stage PT2 in the second station EX2 during
the period in which the first exposure is executed for the
substrate P disposed on the first substrate stage PT1 in
the first station EX1. The substrate P, which is disposed
on the second substrate stage PT2, has been already
subjected to the first exposure in the first station EX1.
The second substrate stage PT2 delivers the substrate
P for which the second exposure has been completed to
the developer unit D (second transport system H2) in the
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same manner as the first substrate stage PT1. After that,
the second substrate stage PT2 is moved to the first sta-
tion EX1 in order to receive a new substrate P (before
being subjected to the exposure) from the coating unit C.
[0083] Next, an explanation will be made with refer-
ence to a flow chart shown in Fig. 7 and a schematic
illustration shown in Fig. 8 about the operation for
processing the substrate P by using the device-producing
system SYS including the exposure apparatus EX con-
structed as described above.
[0084] The first top coat film Tc1, which is used in this
embodiment, is soluble in the second liquid LQ2. The
second liquid LQ2 is capable of removing the first top
coat film Tc1 from the surface of the substrate P by dis-
solving the first top coat film Tc1 disposed on the sub-
strate P.
[0085] At first, as shown in Fig. 8(A), a photosensitive
material film Rg is formed on a base material W of the
substrate P by the coating unit C (Step SC1).
[0086] Subsequently, as shown in Fig. 8(B), the sec-
ond top coat film Tc2 is formed on the photosensitive
material film Rg on the base material W by the coating
unit C (Step SC2).
[0087] Subsequently, as shown in Fig. 8(C), the first
top coat film Tc1 is formed, by the coating unit C, on the
second top coat film Tc2 on the photosensitive material
film Rg on the base material W (Step SC3).
[0088] Subsequently, the substrate P, on which the
photosensitive material film Rg and the first and second
top coat films Tc1, Tc2 have been formed, is loaded on
the first substrate stage PT1 (or the second substrate
stage PT2) in the first station EX1 by the control unit 7
by the aid of the transport system H. As shown in Fig. 8
(D), the control unit 7 forms a liquid immersion area LR1
of the first liquid LQ1 on the first top coat film Tc1 of the
substrate P to execute the first exposure for the prede-
termined area on the substrate P (Step SC4).
[0089] After the first exposure is completed for the sub-
strate P in the first station EX1, the first substrate stage
PT1 (or the second substrate stage PT2), which holds
the substrate P, is arranged by the control unit 7 at the
position opposite to a last (end) optical element of the
second projection optical system PL2 of the second sta-
tion EX2. As shown in Fig. 8(E), the control unit 7 forms
the liquid immersion area LR2 of the second liquid LQ2
on the substrate P, and the first top coat film Tc1 is re-
moved by using the second liquid LQ2. As described
above, the first top coat film Tc1, which is used in this
embodiment, is soluble in the second liquid LQ2. The
second liquid LQ2 is capable of removing the first top
coat film Tc1. In order to remove the first top coat film
Tc1, the control unit 7 moves the first substrate stage
PT1 (or the second substrate stage PT2) in the XY di-
rections with respect to the liquid immersion area LR2 of
the second liquid LQ2 so that the second liquid LQ2
makes contact with the entire area of the first top coat
film Tc1. As described above, in this embodiment, the
second liquid LQ2 is used to remove, before performing

the second exposure, the first top coat film Tc1 disposed
on the photosensitive material film Rg on the base ma-
terial W after the completion of the first exposure. In this
case, the second top coat film Tc2 is not removed by the
second liquid LQ2. The second top coat film Tc2 is formed
on the photosensitive material film Rg on the base ma-
terial W.
[0090] The first top coat film Tc1 is removed by using
the second liquid LQ2, and the second liquid LQ2, which
has been used to remove the first top coat film Tc1, is
recovered. After that, as shown in Fig. 8(F), the control
unit 7 executes the second exposure for the predeter-
mined area on the substrate P in a state in which a liquid
immersion area LR2 of the second liquid LQ2 is formed
on the substrate P (Step SC6). As described above, the
second exposure is executed in the second station EX2
for the predetermined area on the substrate P for which
the first exposure has been executed in the first station
EX1. Accordingly, the predetermined area on the sub-
strate P is subjected to the multiple exposure (double
exposure in this embodiment).
[0091] After the completion of the second exposure for
the substrate P in the second station EX2, the substrate
P, for which the second exposure has been completed,
is transported to the developer unit D by the transport
system H. The substrate P, for which the second expo-
sure has been completed, is transported to the developer
unit D by the transport system H in order that that the
substrate P, for which the second exposure has been
completed, is developed by using the developing solution
in the developer unit D.
[0092] The substrate P, for which the second exposure
has been completed, is transported to the developer unit
D, and it is judged whether or not the second top coat
film Tc2 is soluble in the developing solution, for example,
on the basis of the information previously stored, for ex-
ample, in the control unit 7 (Step SC7). Since Steps SC7
to SC14 shown in the flow chart of Fig. 7 are substantially
same as or equivalent to Steps SA7 to SA14 shown in
the flow chart of Fig. 2 and Steps SB7 to SB14 shown in
the flow chart of Fig. 4, any explanation of which is omit-
ted. It is also allowable that Steps SC7, SC10 are not
performed in the process flow of this embodiment, simi-
larly to the first and second embodiments described
above.
[0093] Also in the third embodiment, the top coat films
Tc1, Tc2, which are suitable for the first and second liq-
uids LQ1, LQ2, are used. Additionally, the photosensitive
material film Rg is not exposed as well during the period
between the first exposure and the second exposure.
The surface of the photosensitive material film Rg can
be protected by both of the first and second top coat films
Tc1, Tc2 or by the second top coat film Tc2. In the third
embodiment, it is unnecessary to transport the substrate
P to any peripheral apparatus such as the coater/devel-
oper apparatus between the first exposure and the sec-
ond exposure. Therefore, the multiple exposure process
for the substrate P, which is based on the use of the
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different liquids, can be executed at a high throughput.
[0094] In this embodiment, the first top coat film Tc1
is removed by using the second liquid LQ2 (Step SC5),
and then the second exposure is executed by using the
second liquid LQ2 (Step SC6). However, the second ex-
posure may be executed while removing the first top coat
film Tc1 with the second liquid LQ2. That is, the operation
of Step SC5 and at least a part of the operation of Step
SC6 may be performed concurrently. For example, when
the first top coat film Tc1 is soluble in the second liquid
LQ2 extremely easily, the first top coat film Tc1 is dis-
solved and removed with the second liquid LQ2 in the
vicinity of the outer circumference of the liquid immersion
area LR2 of the second liquid LQ2. Therefore, the portion
of the surface of the substrate P, from which the first top
coat film Tc1 is removed, is successfully allowed to arrive
at the vicinity of the central portion of the liquid immersion
area LR2 onto which the exposure light beam EL is to be
radiated.

Fourth Embodiment

[0095] Next, a fourth embodiment will be explained
with reference to a flow chart shown in Fig. 9 and a sche-
matic illustration shown in Fig. 10. The device-producing
system SYS explained with reference to Fig. 6 is also
used in the fourth embodiment. The first top coat film
Tc1, which is used in this embodiment, is also soluble in
the second liquid LQ2. That is, the second liquid LQ2 is
capable of removing, from the surface of the substrate
P, the first top coat film Tc1 disposed on the substrate
P. In the following description, the constitutive compo-
nents or parts, which are the same as or equivalent to
those of the embodiment described above, are designat-
ed by the same reference numerals, any explanation of
which will be simplified or omitted.
[0096] At first, as shown in Fig. 10(A), a photosensitive
material film Rg is formed on a base material W of the
substrate P by the coating unit C (Step SD1).
[0097] Subsequently, as shown in Fig. 10(B), a first
top coat film Tc1 is formed on the photosensitive material
film Rg on the base material W by the coating unit C (Step
SD2).
[0098] Subsequently, the substrate P, on which the
photosensitive material film Rg and the first top coat film
Tc1 have been formed, is loaded on the first substrate
stage PT1 (or the second substrate stage PT2) in the
first station EX1 by the control unit 7 by the aid of the
transport system H. As shown in Fig. 10(C), the control
unit 7 forms a liquid immersion area LR1 of the first liquid
LQ1 on the first top coat film Tc1 of the substrate P to
execute the first exposure for the predetermined area on
the substrate P (Step SD3).
[0099] After the first exposure is completed for the sub-
strate P in the first station EX1, the first substrate stage
PT1 (or the second substrate stage PT2), which holds
the substrate P, is arranged by the control unit 7 at a
position opposite to a last (end) optical element of the

second projection optical system PL2 of the second sta-
tion EX2. As shown in Fig. 10(D), the control unit 7 forms
a liquid immersion area LR2 of the second liquid LQ2 on
the substrate P, and the first top coat film Tc1 is removed
by using the second liquid LQ2. As described above, in
this embodiment, the second liquid LQ2 is used to re-
move, before performing the second exposure, the first
top coat film Tc1 disposed on the photosensitive material
film Rg on the base material W after the completion of
the first exposure. In this embodiment, the second top
coat film Tc2 is not formed on the photosensitive material
film Rg. The photosensitive material film Rg, which is
disposed on the base material W, is exposed by removing
the first top coat film Tc1.
[0100] After the first top coat film Tc1 is removed by
using the second liquid LQ2, as shown in Fig. 10(E), the
control unit 7 forms a liquid immersion area LR2 of the
second liquid LQ2 on the photosensitive material film Rg
of the substrate P without using the second top coat film
Tc2 to execute the second exposure for the predeter-
mined area on the substrate P (Step SD5). As described
above, the second exposure is executed in the second
station EX2 for the predetermined area on the substrate
P for which the first exposure has been executed in the
first station EX1. Accordingly, the predetermined area on
the substrate P is subjected to the multiple exposure
(double exposure in this embodiment).
[0101] After the completion of the second exposure for
the substrate P in the second station EX2, the substrate
P, for which the second exposure has been completed,
is transported to the developer unit D by the transport
system H. The substrate P, for which the second expo-
sure has been completed, is transported to the developer
unit D by the transport system H in order that that the
substrate P, for which the second exposure has been
completed, is developed by using the developing solution
in the developer unit D.
[0102] The substrate P, which is transported to the de-
veloper unit D after the completion of the second expo-
sure, is subjected to the predetermined process such as
PEB as described above (Step SD6), and then the sub-
strate P is developed by using the developing solution
(Step SD7).
[0103] As described above, it is also allowable that any
one of the top coat films Tc1, Tc2 is not used in some
cases depending on the characteristic (physical proper-
ty) of the liquid (LQ1 or LQ2). That is, the fourth embod-
iment is preferred for such a case that the photosensitive
material film Rg desirably forms the surface of the sub-
strate P in the second exposure in consideration of the
affinity for the second liquid LQ2 and/or the durability
against the second liquid LQ2. In other words, it is ap-
preciated that the combination of the second liquid LQ2
and the photosensitive material film Rg is optimized. In
this case, it is possible to omit the step of forming the
second top coat film Tc2 beneath the first top coat film
Tc1. Therefore, it is possible to shorten the period of time
required to process the substrate P as compared with
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the third embodiment. Also in the fourth embodiment, it
is unnecessary to transport the substrate P to any pe-
ripheral apparatus such as the coater/developer appa-
ratus in order to remove the first top coat film Tc1 between
the first exposure and the second exposure. Therefore,
the multiple exposure process for the substrate P, which
is based on the use of the different liquids, can be exe-
cuted at a high throughput.
[0104] In this embodiment, the first top coat film Tc1
is removed by using the second liquid LQ2 (Step SD4),
and then the second exposure is executed by using the
second liquid LQ2 (Step SD5). However, the second ex-
posure may be executed while removing the first top coat
film Tc with the second liquid LQ2. That is, the operation
of Step SD4 and at least a part of the operation of Step
SD5 may be performed concurrently. For example, when
the first top coat film Tc1 is soluble in the second liquid
LQ2 extremely easily, the first top coat film Tc1 is dis-
solved and removed with the second liquid LQ2 in the
vicinity of the outer circumference of the liquid immersion
area LR2 of the second liquid LQ2. Therefore, a portion
of the surface of the substrate P, from which the first top
coat film Tc1 is removed, is successfully allowed to arrive
at the vicinity of the central portion of the liquid immersion
area LR2 onto which the exposure light beam EL is to be
radiated.
[0105] In this embodiment, the second top coat film
Tc2 is not used in the second exposure. However, it is
also allowable that the surface of the substrate P is
formed with the photosensitive material film Rg without
using the first top coat film Tc1 in the first exposure, de-
pending on, for example, the affinity for the first liquid
LQ1 and/or the durability against the first liquid LQ1. In
this case, the first exposure may be performed for the
substrate on which the photosensitive material film Rg is
formed, and then the substrate, on which the second top
coat film Tc2 is formed on the photosensitive material
film Rg, for example, by the coating unit C, may be sub-
jected to the loading on the second substrate stage PT2
of the second station EX2.
[0106] In the third and fourth embodiments described
above, the first exposure is performed for the substrate
P disposed on the first substrate stage (or the second
substrate stage), and then the first substrate stage (or
the second substrate stage) is moved to the second sta-
tion EX2 while holding the substrate P to perform the
second exposure. However, for example, a transport unit,
which is capable of transporting the substrate P between
the first station EX1 and the second station EX2, may be
provided. For example, the first exposure may be exe-
cuted for the substrate P disposed on the first substrate
stage PT1 in the first station EX1, and then the substrate
P may be unloaded from the first substrate stage PT1 by
using the transport unit after the execution of the first
exposure. The substrate P may be loaded on the second
substrate stage PT2 arranged in the second station EX2.
The second exposure may be executed in the second
station EX2 for the substrate P held by the second sub-

strate stage PT2.
[0107] An explanation will be made below about the
liquids (LQ1, LQ2) capable of being used in the respec-
tive embodiments. As for the first and second liquids LQ1,
LQ2, it is also allowable to use, for example, liquids in
which the refractive indexes are different from each other
with respect to the exposure light beam EL (ArF excimer
laser light beam, wavelength: 193 nm), liquids in which
the transmittances are different from each other with re-
spect to the exposure light beam EL, liquids in which the
viscosities are different from each other, and liquids in
which the temperatures are different from each other.
[0108] As for the liquids (LQ1, LQ2), it is possible to
use water (pure or purified water). For example, it is also
possible to use liquids in which the refractive index is
higher than the refractive index of the last optical element
of the projection optical system (PL1, PL2) with respect
to the exposure light beam EL.
[0109] In the following description, the refractive index
of the liquid LQ1, LQ2 with respect to the exposure light
beam EL is appropriately referred to as "refractive index
of the liquid", and the refractive index of the last optical
element of the projection optical system PL1, PL2 with
respect to the exposure light beam EL is appropriately
referred to as "refractive index of the last optical element"
for the purpose of simplification. The liquid, which has
the refractive index higher than the refractive index
(about 1.44) of pure water with respect to the exposure
light beam EL, is appropriately referred to as "high re-
fractive index liquid".
[0110] In the respective embodiments described
above, the high refractive index liquid can be used as at
least one of the first and second liquids LQ1, LQ2. For
example, when the last optical element is formed of silica
glass, any liquid, which has the refractive index of, for
example, about 1.6 to 2.0 which is higher than the refrac-
tive index of silica glass, is used as the high refractive
index liquid, because the refractive index of silica glass
is about 1.5. That is, the pure water can be used as the
first liquid, and the high refractive index liquid can be
used as the second liquid.
[0111] The liquid (high refractive index liquid) includes,
for example, predetermined liquids having the C-H bond
or the O-H bond such as isopropanol having a refractive
index of about 1.50 and glycerol (glycerin) having a re-
fractive index of about 1.61, and predetermined liquids
(organic solvents) such as hexane, heptane, and decane.
It is also preferable to use liquids obtained by mixing ar-
bitrary two or more liquids of the predetermined liquids
and liquids obtained by adding (mixing) the predeter-
mined liquid or liquids to (with) pure water. Alternatively,
as for the liquid, it is also preferable to use liquids obtained
by adding (mixing) base or acid such as H+, Cs+, K+, Cl-,
SO4

2- , and PO4
2- to (with) pure water. Further, it is also

preferable to use liquids obtained by adding (mixing) fine
particles of Al oxide or the like to (with) pure water. The
ArF excimer laser light beam is transmissive through the
liquid as described above. As for the liquid, it is preferable
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to use liquids which have the small coefficients of light
absorption, which have the small temperature depend-
ency, and which are stable against the photosensitive
material coated on the surface of the substrate P and the
projection optical system.
[0112] The last optical element can be formed of, for
example, silica glass (silica). Alternatively, the last optical
element may be formed of single crystal materials of flu-
orine compounds such as calcium fluoride (calcium fluor-
ite), barium fluoride, strontium fluoride, lithium fluoride,
and sodium fluoride. Optical elements other than the last
optical element, which are included in the projection op-
tical system, can be formed of the material as described
above. For example, any optical element other than the
last optical element may be formed of calcium fluoride,
and the last optical element may be formed of silica glass.
Any optical element other than the last optical element
may be formed of silica glass, and the last optical element
may be formed of calcium fluoride. All of the optical ele-
ments of the projection optical system may be formed of
silica glass (or calcium fluoride).
[0113] As for the optical elements of the projection op-
tical system including the last optical element, the last
optical element may be formed of a material having a
refractive index higher than those of silica glass and cal-
cium fluoride (for example, a refractive index of not less
than 1.6). The optical element of the projection optical
system can be formed by using, for example, sapphire
or germanium dioxide as disclosed, for example, in In-
ternational Publication No. 2005/059617. Alternatively,
the optical element of the projection optical system can
be formed by using, for example, potassium chloride (re-
fractive index: about 1.75) as disclosed in International
Publication No. 2005/059618.
[0114] The refractive index of the liquid may be higher
than the refractive index of the last optical element, and
the numerical aperture NA of the projection optical sys-
tem may be higher than the refractive index of the last
optical element.
[0115] In the respective embodiments described
above, for example, the pure water may be used as the
first liquid LQ1 to be used for the first exposure, and the
high refractive index liquid may be used as the second
liquid LQ2 to be used for the second exposure. Alterna-
tively, the high refractive index liquid may be used as the
first liquid LQ1 to be used for the first exposure, and the
pure water may be used as the second liquid LQ2 to be
used for the second exposure. Further alternatively, a
first high refractive index liquid may be used as the first
liquid LQ1 to be used for the first exposure, and a second
high refractive index liquid may be used as the second
liquid LQ2 to be used for the second exposure. The first
top coat film Tc1, which is used for the first exposure,
may be determined depending on the first liquid LQ1,
and the second top coat film Tc2, which is used in the
second exposure, may be determined depending on the
second liquid LQ2. Of course, as described above, it is
also allowable that any one of the top coat films is not

used.
[0116] When the first projection optical system PL1 has
a first numerical aperture, the second projection optical
system PL2 has a second numerical aperture, and the
first numerical aperture is larger than the second numer-
ical aperture, then it is desirable that the photosensitive
material (photoresist) to be employed, which has the re-
fractive index larger than the first numerical aperture, is
used. That is, when the exposure light beam is radiated
onto the photosensitive material by using a plurality of
projection optical systems, it is desirable to use the pho-
tosensitive material which has the refractive index higher
than the maximum numerical aperture of the plurality of
projection optical systems. For example, when the nu-
merical aperture of the projection optical system is 1.6,
it is desirable to use the photosensitive material which
has the refractive index larger than 1.6. Accordingly, it is
possible to satisfactorily radiate the exposure light beam
onto the photosensitive material via the projection optical
system.
[0117] Fig. 11 shows an example of the station EX1
(or EX2). The station EX1 (EX2) shown in Fig. 11 is pro-
vided with a liquid immersion system 1 which fills, with
the liquid LQ1 (LQ2), the optical path for the exposure
light beam EL on a side of the image plane of the projec-
tion optical system PL1 (PL2). The liquid immersion sys-
tem 1 includes a nozzle member 6 which is provided in
the vicinity of the optical path for the exposure light beam
EL on the side of the image plane of the projection optical
system PL1 (PL2) and which has a supply port 12 for
supplying the liquid LQ1 (LQ2) to the optical path and a
recovery port 22 for recovering the liquid LQ1 (LQ2), a
liquid supply unit 11 which supplies the liquid LQ via a
supply tube 13 and the supply port 12 of the nozzle mem-
ber 6, and a liquid recovery unit 21 which recovers the
liquid LQ via the recovery port 22 of the nozzle member
6 and a recovery tube 23. The nozzle member 6 is an
annular member which is provided to surround the last
optical element LS1 of the projection optical system PL1
(PL2). In this embodiment, the supply port 12 for supply-
ing the liquid LQ1 (LQ2) is formed on the inner surface,
of the nozzle member 6, directed toward the optical path,
and the recovery port 22 for recovering the liquid LQ1
(LQ2) is formed on the lower surface, of the nozzle mem-
ber 6, arranged opposite to the surface of the substrate
P. The nozzle member 6 includes therein a flow passage
(supply flow passage) for connecting the supply port 12
and the supply tube 13, and a flow passage (recovery
flow passage) for connecting the recovery port 22 and
the recovery tube 23. In this embodiment, a mesh mem-
ber made of titanium or a porous member made of ce-
ramics is arranged at an intermediate position of the re-
covery port 22 or the recovery flow passage. The oper-
ations of the liquid supply unit 11 and the liquid recovery
unit 21 are controlled by the control unit 7. The liquid
supply unit 11 is capable of feeding a clean and temper-
ature-adjusted liquid LQ. The liquid recovery unit 21,
which includes a vacuum system or the like, is capable
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of recovering the liquid LQ. The structure of the liquid
immersion mechanism 1 including, for example, the noz-
zle member 6 is not limited to the structure as described
above. It is possible to use those described, for example,
in European Patent Publication No. 1420298, Interna-
tional Publication No. 2004/055803, International Publi-
cation No. 2004/057590, and International Publication
No. 2005/029559 (corresponding to United States Patent
Publication No. 2006/0231206). It is not necessarily in-
dispensable that the exposure apparatus EX1 (EX2) is
provided with all of the components or parts of the liquid
immersion system 1. A part or parts of the liquid immer-
sion system 1 (for example, the liquid supply unit 11 and
the liquid recovery unit 21) may be substituted with the
equipment of the device-manufacturing factory (clean
room).
[0118] The station EX1 (EX2) forms the liquid immer-
sion area LR1 (LR2) on the substrate P so that the optical
path for the exposure light beam EL is filled with the liquid
LQ1 (LQ2) by using the liquid immersion system 1 at
least during the period of time in which the image of the
pattern of the mask M is projected onto the substrate P.
The station EX1 (EX2) projects the image of the pattern
of the mask M onto the substrate P by radiating the ex-
posure light beam EL allowed to pass through the mask
M onto the substrate P via the projection optical system
PL1 (PL2) and the liquid LQ1 (LQ2) of the liquid immer-
sion area LR1 (LR2) formed on the substrate P.
[0119] Fig. 12 shows another example of the station
EX1 (or EX2). The station EX1 (EX2) shown in Fig. 12
includes a projection optical system PL1 (PL2) having a
plurality of optical elements (LS1 to LS7). In this embod-
iment, the last optical element LS1 has a concave surface
2 from which the exposure light beam EL is allowed to
exit. A space, which is defined between the substrate P
and the last optical element LS1 closest to the image
plane of the projection optical system PL1 (PL2) among
the plurality of optical elements LS1 to LS7, is filled with
the liquid LQ1 (LQ2).
[0120] In the respective embodiments described
above, the optical path, which is formed between the last
optical element LS1 and a second optical element LS2
second closest to the image plane with respect to the last
optical element among the plurality of optical elements
of the projection optical system, may be filled with the
liquid. In this case, the liquid, with which the space be-
tween the optical element LS1 and the optical element
LS2 is filled, may be the same as or different from the
liquid with which the space between the optical element
LS1 and the substrate P is filled.
[0121] In the respective embodiments described
above, the first and second top coat films Tc1, Tc2 may
be provided with not only the function to protect the pho-
tosensitive material film Rg and/or the base material but
also any other function including, for example, the antire-
flection function. In the respective embodiments de-
scribed above, the coating unit C may have nozzles cor-
responding to the photosensitive material film Rg and the

first and second top coat films Tc1, Tc2 respectively, and
the three nozzles may be used in different ways depend-
ing on, for example, the spin coat system and the scan
coat system in the same chamber to form the predeter-
mined film on the base material. Alternatively, a plurality
of coating units may be provided depending on, for ex-
ample, the type of the film to be formed on the base ma-
terial. Similarly, in the respective embodiments described
above, the device-producing system SYS may be pro-
vided with a plurality of developer units D and/or a plu-
rality of removing units J depending on, for example, the
type (characteristic) of the film as the processing objec-
tive on the substrate.
[0122] The present invention is also applicable, for ex-
ample, to such a case that the substrate P is subjected
to the multiple exposure with an exposure apparatus hav-
ing one exposure station, rather than providing a plurality
of stations (exposure apparatuses) like in the respective
embodiments described above. Also in this case, the
substrate P can be exposed by allowing the surface state
of the substrate P to differ between the respective expo-
sure processes (first and second exposure processes)
of the multiple exposure in which the different liquids are
used. In the respective embodiments described above,
the multiple exposure is performed such that the plurality
of patterns are formed on the same photosensitive ma-
terial film Rg without performing the development proc-
ess. However, the present invention is also applicable to
such a case that the exposure is performed a plurality of
times in which the plurality of patterns are formed on dif-
ferent photosensitive material films respectively. In this
case, it is allowable that the substrate processing such
as the development process is not performed between
the exposure processes to be executed a plurality of
times. Alternatively, at least the development process
may be performed to form a resist pattern on the sub-
strate, and the photosensitive material film may be
formed thereon to perform the next exposure process.
[0123] In the respective embodiments described
above, when the substrate stage PT1 (PT2) leaves the
station EX1 (EX2), then the liquid immersion area, which
is formed on the substrate stage, may be moved to an-
other member, and the liquid immersion area, which is
disposed on the another member, may be moved to the
substrate stage when the substrate stage is arranged
next time. In this case, it is possible to improve the
throughput of the exposure apparatus. The another
member includes, for example, a movable member (for
example, a measuring stage as described later on) which
is movable independently from the substrate stage, and
a lid member (cap) which is detachable with respect to
the substrate stage and which is held by the nozzle mem-
ber or the like when the substrate stage leaves the sta-
tion.
[0124] In the respective embodiments described
above, the ArF excimer laser is used as the exposure
light beam EL. However, as described above, it is pos-
sible to adopt various exposure light beams (exposure
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beams) such as the F2 laser. It is possible to appropriately
use the optimum liquid depending on, for example, the
exposure light beam (exposure beam) EL, the numerical
aperture of the projection optical system PL, and the re-
fractive index of the last optical element with respect to
the exposure light beam EL. For example, when the ex-
posure light beam EL is the F2 laser, the F2 laser beam
is not transmitted through water. Therefore, liquids pref-
erably usable as the liquid may include, for example, flu-
orine-based fluids such as fluorine-based oil and per-
fluoropolyether (PFPE) through which the F2 laser beam
is transmissive. It is also possible to use, as the liquid
LQ, various fluids including, for example, supercritical
fluid.
[0125] The substrate P, which is usable in the respec-
tive embodiments described above, is not limited to the
semiconductor wafer for producing the semiconductor
device. Those applicable include, for example, the glass
substrate for the display device, the ceramic wafer for
the thin film magnetic head, the master plate (synthetic
silica glass, silicon wafer) for the mask or the reticle to
be used for the exposure apparatus, or the film member.
The shape of the substrate P is not limited to the circular
shape. It is also allowable to use other shapes such as
rectangular shapes.
[0126] As for the exposure apparatus EX, the present
invention is also applicable to the scanning type exposure
apparatus (scanning stepper) based on the step-and-
scan system for performing the scanning exposure with
the pattern of the mask M by synchronously moving the
mask M and the substrate P as well as the projection
exposure apparatus (stepper) based on the step-and-
repeat system for performing the full field exposure with
the pattern of the mask M in a state in which the mask
M and the substrate P are allowed to stand still, while
successively step-moving the substrate P. In this case,
it is also allowable to use a dioptric type projection optical
system which has a reduction magnification of 1/8 and
which includes no catoptric element.
[0127] In the exposure based on the step-and-repeat
system, a reduction image of a first pattern may be trans-
ferred onto the substrate P in a state in which the first
pattern and the substrate P are allowed to substantially
stand still, and then the full field exposure may be per-
formed on the substrate P by partially overlaying a re-
duction image of a second pattern with respect to the first
pattern by using the projection optical system in a state
in which the second pattern and the substrate P are al-
lowed to substantially stand still (full field exposure ap-
paratus based on the stitch system). As for the exposure
apparatus based on the stitch system, the present inven-
tion is also applicable to the exposure apparatus based
on the step-and-stitch system in which at least two pat-
terns are partially overlaid and transferred on the sub-
strate P, and the substrate P is successively moved. Even
in the case of the stitch system, a plurality of patterns
may be subjected to the exposure on the substrate by
the scanning exposure respectively.

[0128] The present invention is also applicable to the
exposure apparatus of the multistage type (twine-stage)
exposure apparatus provided with a plurality of substrate
stages as disclosed, for example, in Japanese Patent
Application Laid-open Nos. 10-163099 and 10-214783
(corresponding to United States Patent Nos. 6,341,007,
6,400,441, 6,549,269, and 6,590,634) and Published
Japanese Translation of PCT International Publication
for Patent Application No. 2000-505958 (corresponding
to United States Patent No. 5,969,441). In the respective
embodiments described above, each of the first and sec-
ond stations EX1, EX2 may be provided with a plurality
of substrate stages. In the third and fourth embodiments
described above, a third substrate stage may be provided
in addition to the first and second substrate stages PT1,
PT2. Any operation other than the exposure, which in-
cludes, for example, the load of the substrate and/or the
position detection (detection of, for example, an align-
ment mark and a difference in height) as well as the un-
load of the substrate, may be performed on the third sub-
strate stage during the period of time in which the first
and second substrate stages PT1, PT2 are arranged in
the first and second stations EX1, EX2 and the first ex-
posure and the second exposure are performed for the
different substrates respectively. In this case, the first,
second, and third substrate stages are successively
moved to the substrate load position, the first exposure
position, the second exposure position, and the unload
position respectively.
[0129] Further, the present invention is also applica-
ble, for example, to the exposure apparatus provided with
a measuring stage having a measuring member (for ex-
ample, a reference mark and a sensor) as disclosed, for
example, in Japanese Patent Application Laid-open No.
11-135400 (corresponding to International Publication
No. 1999/23692) and Japanese Patent Application Laid-
open No. 2000-164504 (corresponding to United States
Patent No. 6, 897, 963).
[0130] The respective embodiments described above
have been explained as exemplified by the exposure ap-
paratus provided with the projection optical system PL
by way of example. However, the present invention is
applicable to the exposure method and the exposure ap-
paratus which do not use the projection optical system
PL. Even when the projection optical system PL is not
used as described above, then the exposure light beam
is radiated onto the substrate via an optical member such
as a lens, and the liquid immersion area is formed in the
predetermined space between the substrate and the op-
tical member as described above.
[0131] The type of the exposure apparatus EX is not
limited to the exposure apparatus for producing the sem-
iconductor element for exposing the substrate P with the
semiconductor element pattern. The present invention is
also widely applicable, for example, to the exposure ap-
paratus for producing the liquid crystal display device or
producing the display as well as to the exposure appa-
ratus for producing, for example, the thin film magnetic
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head, the micromachine, MEMS, DNA chip, the image
pickup element (CCD), the reticle, or the mask.
[0132] In the embodiments described above, the light-
transmissive type mask is used, in which the predeter-
mined light-shielding pattern (or phase pattern or dim-
ming or light-reducing pattern) is formed on the light-
transmissive substrate. However, in place of such a
mask, as disclosed, for example, in United States Patent
No. 6,778,257, it is also allowable to use an electronic
mask (also referred to as "variable shaped mask" includ-
ing, for example, DMD (Digital Micro-mirror Device) as
one type of the no light-emitting image display device
(spatial light modulator)) on which a transmissive pattern,
a reflective pattern, or a light-emitting pattern is formed
on the basis of the electronic data of the pattern to be
subjected to the exposure.
[0133] The present invention is also applicable to the
exposure apparatus (lithography system) in which the
substrate P is exposed with a line-and-space pattern by
forming interference fringes on the substrate P as dis-
closed, for example, in International Publication No.
2001/035168. Further, the present invention is also ap-
plicable to the exposure apparatus in which patterns of
two masks are combined on the substrate via the projec-
tion optical system, and one shot area on the substrate
is subjected to the double exposure substantially simul-
taneously by one time of the scanning exposure as dis-
closed, for example, in Published Japanese Translation
of PCT International Publication for Patent Application
No. 2004-519850 (corresponding to United States Patent
No. 6,611,316).
[0134] The embodiment described above adopts the
liquid immersion exposure apparatus which performs the
exposure for the substrate in the state in which a part of
the surface of the substrate P is locally subjected to the
liquid immersion. However, the present invention is also
applicable to the liquid immersion exposure apparatus
which performs the exposure for the substrate in a state
in which the entire surface of the substrate is subjected
to the liquid immersion as disclosed, for example, in Jap-
anese Patent Application Laid-open Nos. 6-124873 and
10-303114 and United States Patent No. 5,825,043. In
this case, it is also allowable that the system, in which a
part of the surface of the substrate is allowed to be locally
in the liquid immersion state, is adopted for one of the
first exposure and the second exposure, and the system,
in which the entire surface of the substrate is allowed to
be in the liquid immersion state, is adopted for the other
of the first exposure and the second exposure.
[0135] The foregoing explanation has been made as
exemplified by the double exposure for the substrate P
as the multiple exposure for the substrate P by way of
example. It goes without saying that the present invention
is not limited to the double exposure.
[0136] The disclosures of all of the above-mentioned
patent documents (for example, the documents of Inter-
national Publications, United States Patents, and United
States Patent Publications, and the like) are incorporated

herein by reference within a range of permission of the
domestic laws and ordinances of the state designated or
selected in this international application.
[0137] As described above, the exposure apparatus
EX according to the embodiments of the present inven-
tion is produced by assembling the various subsystems
including the respective constitutive elements as defined
in claims so that the predetermined mechanical accura-
cy, the electric accuracy, and the optical accuracy are
maintained. In order to secure the various accuracies,
those performed before and after the assembling include
the adjustment for achieving the optical accuracy for the
various optical systems, the adjustment for achieving the
mechanical accuracy for the various mechanical sys-
tems, and the adjustment for achieving the electric ac-
curacy for the various electric systems. The steps of as-
sembling the various subsystems into the exposure ap-
paratus include, for example, the mechanical connection,
the wiring connection of the electric circuits, and the pip-
ing connection of the air pressure circuits in correlation
with the various subsystems. It goes without saying that
the steps of assembling the respective individual subsys-
tems are performed before performing the steps of as-
sembling the various subsystems into the exposure ap-
paratus. When the steps of assembling the various sub-
systems into the exposure apparatus are completed, the
overall adjustment is performed to secure the various
accuracies as the entire exposure apparatus. It is desir-
able that the exposure apparatus is produced in a clean
room in which, for example, the temperature and the
cleanness are managed.
[0138] As shown in Fig. 13, the microdevice such as
the semiconductor device is produced by performing, for
example, a step 201 of designing the function and the
performance of the microdevice, a step 202 of manufac-
turing a mask (reticle) based on the designing step, a
step 203 of producing a substrate as a base material for
the device, a substrate-processing step 204 of exposing
the substrate with a pattern of the mask by using the
exposure apparatus EX of the embodiment described
above, a step 205 of assembling the device (including
process step such as a dicing step, a bonding step, a
packaging step, etc.), and an inspection step 206. The
substrate-processing step 204 includes the execution of
the multiple exposure according to the present invention
and the development for the substrate subjected to the
multiple exposure.

INDUSTRIAL APPLICABILITY

[0139] According to the present invention, the first ex-
posure and the second exposure (for example, the mul-
tiple exposure) can be performed satisfactorily by using
the liquid immersion method, and it is possible to form
the pattern having the high resolution on the substrate.
In particular, the liquid immersion exposure process, in
which the substrate is subjected to the multiple exposure
by using the different liquids, is realized, and it is possible
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to produce, at a high yield, the device having the semi-
conductor circuit provided with the higher degree of in-
tegration. Therefore, the present invention extremely
contributes to the development of the high technology
equipment including, for example, the communication
equipment and the semiconductor device such as IC.

Claims

1. An exposure method for exposing a predetermined
area on a substrate, the exposure method compris-
ing:

executing first exposure for the predetermined
area by forming a liquid immersion area of a first
liquid on the substrate;
executing second exposure for the predeter-
mined area by forming a liquid immersion area
of a second liquid different from the first liquid,
on the substrate on which the first exposure has
been executed; and
making a surface state of the substrate in the
second exposure different from a surface state
of the substrate in the first exposure.

2. The exposure method according to claim 1, wherein:

a surface of the substrate includes a surface of
a film formed on a base material of the substrate;
and
the film used in the first exposure is different
from the film used in the second exposure.

3. The exposure method according to claim 2, wherein
the base material includes a semiconductor wafer.

4. The exposure method according to claim 2, wherein
the film includes at least one of a film of a photosen-
sitive material and a predetermined film which covers
the film of the photosensitive material.

5. The exposure method according to claim 4, wherein:

the predetermined film, which is used in the first
exposure, is a first predetermined film; and
the predetermined film, which is used in the sec-
ond exposure, is a second predetermined film.

6. The exposure method according to claim 5, further
comprising performing an operation for developing
the substrate by using a developing solution after
completion of the second exposure, wherein the sec-
ond predetermined film is soluble in the developing
solution.

7. The exposure method according to claim 5, wherein:

the first predetermined film is determined de-
pending on the first liquid; and
the second predetermined film is determined de-
pending on the second liquid.

8. The exposure method according to claim 5, wherein
the predetermined film is used in at least one of the
first exposure and the second exposure.

9. The exposure method according to claim 5, wherein
at least one of an operation for forming the prede-
termined film on the film of the photosensitive mate-
rial on the base material and an operation for remov-
ing the predetermined film disposed on the film of
the photosensitive material on the base material is
executed between the first exposure and the second
exposure.

10. The exposure method according to claim 9, wherein
the operation for removing the predetermined film,
which is performed between the first exposure and
the second exposure, includes an operation for re-
moving the first predetermined film having been used
in the first exposure.

11. The exposure method according to claim 10, wherein
the first predetermined film, used in the first expo-
sure, is formed on the film of the photosensitive ma-
terial.

12. The exposure method according to claim 11, where-
in:

the operation for forming the predetermined film,
which is performed between the first exposure
and the second exposure, includes an operation
for removing the first predetermined film and
then forming the second predetermined film on
the film of the photosensitive material; and
the second exposure is executed by using the
second predetermined film.

13. The exposure method according to claim 11, wherein
the second exposure is executed without using the
second predetermined film after removing the first
predetermined film.

14. The exposure method according to claim 13, wherein
the first predetermined film is removed by using the
second liquid.

15. The exposure method according to claim 10, wherein
the first predetermined film, used in the first expo-
sure, is formed on the second predetermined film
which covers the film of the photosensitive material,
and the second exposure is executed by using the
second predetermined film after removing the first
predetermined film.
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16. The exposure method according to claim 15, wherein
the first predetermined film is removed by using the
second liquid.

17. The exposure method according to claim 9, wherein
the operation for forming the predetermined film,
which is performed between the first exposure and
the second exposure, includes an operation for form-
ing the second predetermined film on the first pre-
determined film having been used in the first expo-
sure.

18. The exposure method according to claim 9, wherein:

the first exposure is executed without using the
predetermined film; and
the operation for forming the predetermined film,
which is performed between the first exposure
and the second exposure, includes an operation
for forming the second predetermined film on
the film of the photosensitive material.

19. The exposure method according to claim 1, wherein
the substrate, for which the first exposure has been
performed, is not developed between the first expo-
sure and the second exposure.

20. The exposure method according to claim 1, wherein
the first exposure is performed in a first station, and
the second exposure is performed in a second sta-
tion which is different from the first station.

21. The exposure method according to claim 20, wherein
both of the first station and the second station exist
in a same chamber.

22. The exposure method according to claim 21, wherein
both of the first exposure and the second exposure
are performed on a same substrate stage which is
movable while holding the substrate.

23. An exposure method for exposing a predetermined
area of a substrate, the exposure method compris-
ing:

selecting a first liquid which is to be supplied
onto the substrate in first exposure and a first
film which is to be formed on the substrate and
which makes contact with the first liquid in the
first exposure;
selecting a second liquid which is to be supplied
onto the substrate in second exposure and
which is different from the first liquid and a sec-
ond film which is to be formed on the substrate,
which is different from the first film, and which
makes contact with the second liquid in the sec-
ond exposure;
forming a liquid immersion area of the first liquid

on the substrate to execute the first exposure
for the predetermined area; and
forming the second liquid on the substrate, for
which the first exposure has been executed, to
execute the second exposure for the predeter-
mined area.

24. The exposure method according to claim 23, further
comprising forming the second film before the first
exposure.

25. The exposure method according to claim 23, further
comprising forming the second film after the first ex-
posure.

26. The exposure method according to claim 23, wherein
the first film is removed by the second liquid when
the second exposure is performed, and the second
film makes contact with the second liquid.

27. The exposure method according to claim 23, wherein
the first exposure is performed in a first station, and
the second exposure is performed in a second sta-
tion which is different from the first station.

28. The exposure method according to claim 23, wherein
both of the first exposure and the second exposure
are performed on a same substrate stage which is
movable while holding the substrate.

29. The exposure method according to any one of claims
1 to 28, wherein the predetermined area on the sub-
strate is subjected to multiple exposure including the
first exposure and the second exposure.

30. A method for producing a device, comprising:

exposing a substrate by the exposure method
as defined in any one of claims 1 to 28;
developing the exposed substrate; and
processing the developed substrate.

31. The method for producing the device according to
claim 30, wherein the substrate is subjected to mul-
tiple exposure including the first exposure and the
second exposure.

32. An exposure apparatus which exposes a predeter-
mined area on a substrate, the exposure apparatus
comprising:

a first station in which a first liquid corresponding
to a first film is supplied to the substrate, on
which the first film is formed, to execute first ex-
posure for the predetermined area; and
a second station in which a second liquid corre-
sponding to a second film is supplied to the sub-
strate, for which the first exposure having been

37 38 



EP 1 953 807 A1

22

5

10

15

20

25

30

35

40

45

50

55

executed and on which the second film is
formed, so as to execute second exposure for
the predetermined area, the second film being
different from the first film, and the second liquid
being different from the first liquid.

33. The exposure apparatus according to claim 32,
wherein each of the first and second stations in-
cludes a nozzle member which has a lower surface
opposite to the substrate, and a liquid supply system
which supplies the liquid to a space between the sub-
strate and the lower surface of the nozzle member.

34. The exposure apparatus according to claim 32, fur-
ther comprising first and second substrate stages
which are movable between the first station and the
second station.

35. The exposure apparatus according to claim 32,
wherein each of the first station and the second sta-
tion includes a projection optical system which
projects an image of a predetermined pattern.

36. The exposure apparatus according to claim 32,
wherein the first film exists on an outer surface of
the substrate when the first exposure is performed.

37. The exposure apparatus according to claim 36,
wherein the second film exists on the outer surface
of the substrate when the second exposure is per-
formed.

38. The exposure apparatus according to claim 37,
wherein the first film is removed by the second liquid
when the second exposure is performed.

39. The exposure apparatus according to any one of
claims 32 to 38, wherein multiple exposure, which
includes the first exposure and the second exposure,
is performed for the predetermined area on the sub-
strate.

40. A substrate processing apparatus which forms a film
on a base material of a substrate on which first ex-
posure and second exposure are to be performed,
the substrate processing apparatus comprising:

a film-forming unit which forms on the base ma-
terial a first film, which is to make contact with a
first liquid, before performing the first exposure
through the first liquid and which forms on the
base material a second film, which is to make
contact with a second liquid, before performing
the second exposure through the second liquid,
the second liquid being different from the first
liquid and the second film being different from
the first film.

41. The substrate processing apparatus according to
claim 40, wherein the base material includes a sem-
iconductor wafer.

42. The substrate processing apparatus according to
claim 40, wherein the first and second films are de-
termined depending on the first and second liquids
respectively.

43. The substrate processing apparatus according to
claim 40, wherein each of the first and second films
is one of a film of a photosensitive material and a
predetermined film which covers the film of the pho-
tosensitive material.

44. The substrate processing apparatus according to
claim 40, further comprising a developing unit which
develops the substrate for which the second expo-
sure has been performed.

45. The substrate processing apparatus according to
claim 44, wherein the second film is soluble in a de-
veloping solution to be used in the developing unit.

46. The substrate processing apparatus according to
claim 40, further comprising a film-removing unit
which removes the first film disposed on the base
material between the first exposure and the second
exposure and/or which removes the second film dis-
posed on the base material after the second expo-
sure.

47. The substrate processing apparatus according to
claim 46, wherein the first film is a predetermined
film which covers a film of a photosensitive material
on the base material, and the first film is removed
between the first exposure and the second exposure.

48. The substrate processing apparatus according to
claim 47, wherein the second film is formed on the
film of the photosensitive material after removing the
first film.

49. The substrate processing apparatus according to
claim 47, wherein the first film is formed on the sec-
ond film.

50. The substrate processing apparatus according to
claim 49, wherein the second film is formed on the
film of the photosensitive material.

51. The substrate processing apparatus according to
claim 47, wherein the second film is the film of the
photosensitive material.

52. The substrate processing apparatus according to
claim 40, wherein the second film is formed on the
first film between the first exposure and the second
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exposure.

53. The substrate processing apparatus according to
claim 52, wherein the first film is a film of a photo-
sensitive material formed on the base material.

54. The substrate processing apparatus according to
any one of claims 40 to 53, wherein the substrate is
subjected to multiple exposure which includes the
first exposure and the second exposure.

55. A substrate processing method for forming a film on
a base material of a substrate on which first exposure
and second exposure are to be performed, the sub-
strate processing method comprising:

forming on the base material a first film, which
is to make contact with a first liquid, before per-
forming the first exposure through the first liquid;
and
forming on the base material a second film,
which is to make contact with a second liquid,
before performing the second exposure through
the second liquid, the second liquid being differ-
ent from the first liquid and the second film being
different from the first film.

56. The substrate processing method according to claim
55, wherein the base material includes a semicon-
ductor wafer.

57. The substrate processing method according to claim
55, wherein the first and second films are determined
depending on the first and second liquids respec-
tively.

58. The substrate processing method according to claim
55, wherein each of the first and second films is one
of a film of a photosensitive material and a predeter-
mined film which covers the film of the photosensitive
material.

59. The substrate processing method according to claim
55, wherein the substrate is developed after the sec-
ond exposure without developing the substrate after
the first exposure.

60. The substrate processing method according to claim
55, wherein the second film is soluble in a developing
solution.

61. The substrate processing method according to claim
55, wherein the first film disposed on the base ma-
terial is removed between the first exposure and the
second exposure and/or the second film disposed
on the base material is removed after the second
exposure.

62. The substrate processing method according to claim
61, wherein the first film is a predetermined film which
covers a film of a photosensitive material on the base
material, and the predetermined film is removed be-
tween the first exposure and the second exposure.

63. The substrate processing method according to claim
62, wherein the second film is formed on the film of
the photosensitive material after removing the first
film.

64. The substrate processing method according to claim
62, wherein the first film is formed on the second film.

65. The substrate processing method according to claim
64, wherein the second film is formed on the film of
the photosensitive material.

66. The substrate processing method according to claim
62, wherein the second film is the film of the photo-
sensitive material.

67. The substrate processing method according to claim
55, wherein the second film is formed on the first film
between the first exposure and the second exposure.

68. The substrate processing method according to claim
67, wherein the first film is a film of a photosensitive
material formed on the base material.

69. The substrate processing method according to claim
55, wherein the first film is a predetermined film which
covers a film of a photosensitive material on the base
material, and the predetermined film is removed by
using the second liquid.

70. The substrate processing method according to any
one of claims 55 to 69, wherein the substrate is sub-
jected to multiple exposure which includes the first
exposure and the second exposure.
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